T he ability of the hand to grasp and manipulate objects or tools is necessary for accomplishing many tasks of daily living. In the normal hand, the pattern of prehension used to grasp and use an object is governed by two factors: the intended use of the object and the object's physical characteristics such as size, shape, or weight (KJatzky, McCloskey, Doherty, Pellegrino, & Smith, 1987) . However, the person with a hand impairment must also respond to the physical characteristics of the object in deference to his or her own limitations (e.g., lack of motion or strength, missing fingers, limited areas of sensation). Thus, a third factor, the physical impairments of the hand itself, becomes involved in the pattern of prehension used by persons with hand impairments to grasp and use an object.
Studies of normal prehension patterns are well represented in the literature (Griffiths, 1943; Landsmeer, 1962; Napier, 1956; Taylor & Schwarz, 1955) . Studies of grasp by persons with hand impairments have focused largely on ability to use the object (Opitz & Linscheid, 1978) . Whether these persons vary their grasp patterns from normal patterns, how they hold objects, and what hand impairments influence variations in grasp are factors that remain unknown. Detailed qualitative descriptions of grasp patterns used by different patient groups could provide occupational therapists with alternate ways to document change after surgical, pharmaceutical, occupational therapy, or physical therapy intervention. The ability to grasp may not change, but the way a person holds objects may change. Knowledge of impairments in the hand that may cause variations in grasp could provide therapists with a basis for designing treatment.
The present study examines variations in grasp in persons with systemic sclerosis (scleroderma). Persons with scleroderma were the focus of this study because the impairment caused by the disease usuaJJy results in a typical claw hand deformity that contributes to overall functional disability (Poole & Steen, 1991) . Scleroderma is a rheumatic disease characterized by thickening of the skin, vascular insufficiency (i.e., Raynaud's phenomenon) and fibrotic changes in the muscles, joints, and internal organs. In the hand, the thickening of the skin can lead to contractu res in the fingers in which there is a loss of flexion at the metacarpophalangeal (MCP) joints, loss of extension at the proximal interphalangeal (PIP) joints, and loss of abduction of the thumb (Entin & Wilkinson, 1973; Melvin, 1989; Melvin, Brannan, & LeRoy, 1984; Palmer, Hale, Grennan, & Pollock, 1981 ). Raynaud's phenomenon, over time, can lead to the development of painful fingertip ulcerations or gangrene and subsequent amputation, which can limit hand function. Calcium deposits may develop in the fingers and the fingers may become shortened due to bone resorption of the distal phalanges. In addition, some persons with scleroderma develop compression of the median nerve (carpal tunnel syndrome) or fibrotic deposits on the tendons (tendon friction rubs), which can cause discomfort and limit hand function. Except for one study relating hand impairment to overall disability (Poole & Steen, 1991) , the literature on scleroderma is limited to descriptions of hand deformity.
Description of grasp patterns used by persons with hand impairments required a system that went beyond comparing a person's grasp and a previously defined pattern for that object (ball or spherical grip, key grip, and cylindrical grip). A person's method for grasping an object may not fit into these patterns. Three systems have been developed that can provide information about how the hand grasp differs from normal. Weiss and Flatt's (1971) evaluation of congenital hand anomalies rated the ability to grasp a variety of objects on a 3-point scale according to whether the object was grasped in a normal manner, was grasped in an adapted manner, or could not be grasped. This classification system considers both whether an object could be grasped and whether a normal pattern was used. Kamakura, Matsuo, Ishii, Mitsuboshi, and Miura (1980) classified static prehension patterns according to the surface contact of the hand with the object. In their study, various objects were smeared with ink, grasped by the subjects, and released; the resulting residue on the hand was photographed. The residue indicated the surface areas of the hand that had been in contact with the object. Their investigation identified 14 patterns grouped into 4 categories: power grip, intermediate grip, precision grip, and grip involving no thumb. This classification system provided a means to look at grasp variations but only considered one variable, the contact surfaces of the hand with the object. Jacobson and Sperling (1976) developed yet another classification system. By studying both the contact surfaces and joint position of the digits during grasp, they identified five variables to describe hand grips: (a) the fingers involved in the grip, (b) the surfaces of the fingers in contact with the object, (c) the position of the Mep joints and the interphalangeal joints of the fingers, (d) the position of the thumb, and (e) the relationship between the longitudinal axis of the object and the hand. Their classification system has been used to study different grips used in eating a meal (Sperling & Jacobson-Sollerman, 1977) and how prehension patterns vary with age (Shiffman, 1992) .
Of the three classification systems, both the Jacobson and Sperling (1976) system and the one used by Weiss and Flatt (1971) seemed best suited to studying grasp patterns used by persons with hand limitations. Jacobson and Sperling's system is objective, prOVides detailed descriptions of grasp, and allows results to be summed across patient groups. Weiss and Fiatt'S system considers functional ability, a major concern oftherapists, and how the person grasps an object.
The purpose of the present study was twofold. The
The American journal 0/ Occupational Tbemp1' first purpose was to describe, qualitatively, grasp patterns found in hands impaired by scleroderma. The second was to correlate qualitative data with disease-related changes in the hand to determine whether impairments in the scleroderma hand are related to grasp variation.
Method

Subjects
Persons with scleroderma were included in this study only if they demonstrated variations from normal grasp patterns. This was determined by observing 31 persons grasp four objects with their preferred hand. Each object represented a different grasp pattern: holding a key (lateral pinch), holding a coin (palmar pinch), holding a 2 3 /4-in. diameter glass (cylindrical grip), and holding a saucepan (power grip). The person's grasp for each object was compared to descriptions of normal grasp for that object described by Griffiths (1943) , Skerik, Weiss, and Flatt (1971) , and Lehmkuhl and Smith (1984) . The most common grasp pattern for each of the objects are shown in Figure 1 . There are slight variations in what is considered normal with regard to joint pOSition primarily due to the size of the hand in relation to the object. When deciding whether a pattern varied from the norm, the primary factors conSidered were which fingers were used, the position of the thumb, and the contact surfaces of the fingers.
Grasp was scored with a modified version of Weiss and Flatt's (1971) scoring system. A score of 1 was given for a functional and normal grasp pattern, a 2 was given for a functional but variation from normal grasp, a 3 was given for a functional but two-handed grasp, and a 4 was given if the person was unable to grasp the object and thus was not functional in using the object. A score of 2 or more with any of the 4 objects was the criterion for inclusion in the study.
Seventeen persons with scleroderma, 2 men and 15 women, met the study criterion. Their scores for each of the 4 objects are shown in Table 1 . All 17 subjects scored a 2 with at least one object. The mean age of the subjects was 55.7 years, with a range from 35 to 71 years; the mean Finger.
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kJeasures
The preferred hand of each of the 17 subjects was evaluated for grip strength, pinch strength, range of motion, extent of skin thickening, and the presence of digital sores, calcium deposits, and tendon friction rubs as these variables correlated with disability in scleroderma (Poole & Steen, 1991) . Grip strength was measured with a vigorimeter, a dynamometer with a rubber bulb that is squeezed by the hand. Palmar and lateral pinch strength were measured with a pinchmeter. The average of three consecutive measurements of grip and each pinch were recorded. Range of motion for the hand and wrist was measured with a goniometer. In addition, composite flexion was measured with a centimeter ruler Composite flexion was defined as the distance of each fingertip from the palm as the subject attempted to make a fist and the distance of the thumb tip from the base of the 5th finger while the subject attempted to flex the thumb. Skin thickening was assessed by palpating the skin on the back of the hands and fingers (Rodnan, Lipinski, & Luksick, 1979; Steen, Medsger, & Rodnan, 1982) Thickness was rated on a 4-point scale from 0 (normal) to 4 (extreme thickening). Digital sores and calcium deposits were scored as present or absent according to observation. Tendon {"ubs were also scored as present or absent by palpating the flexor and extensor tendons as the subject flexed and extended the fingers and noting any crepiws.
Procedures
The 17 subjeCts were observed grasping each of the 4 objects (key, coin, glass, saucepan) a second time with the preferred hand. As the subject grasped each object, one observer recorded the pattern in terms of 4 variables: fingers involved in the grasp, surfaces of the fingers in contact with the object, position of the MCP and lP joints for each finger, and position of the thumb (Table 2) The method used is a modification of the system developed by Jacobson and Sperling (1976) . Jacobson and Sperling's (1976) system is used to describe the normal grasp patterns for the 4 objects (see Figure 1 ). In Figure lA , the person is holding the key with the pulp of the first finger and the side of the second finger. The MCP joinL of the first finger is slightly extended (ME), the lP joint is flexed (IF), and the thumb is adducted (ADD). The MCP joint of the second finger is flexed (MF) whereas the IP joints are both flexed (IF). In Figure  113 , the pulp surfaces of the first firrger (thumb) and second finger (index) are in contact with the coin. The MCP joint of the first finger is extended (ME), the IP joint is flexed (IF), and the thumb is opposed (OPP) The MCP FinaJJy, power grip of the saucepan handle ( Figure  ID ) also requires that the volar surfaces of all 5 fingers be in contact with the object. The MCP and IP joints of the first finger are both extended (ME and IE) while the MCP and IP joints of the other 4 fingers are flexed (MF and IF). The thumb is adducted (ADD) and applies counterpressure.
Results
DescnjJtions of Grasp
For the number of subjects who showed each variable (e.g, joint position and contact surfaces) for the four objects, see Tables 3,4 ,5, and 6. Table 3 shows that the majority of subjects used normal prehension to grasp a key (the pulp of the thumb and the side of the index finger). The variations involved the use of the third finger (see Figure 2) . One subject used the first, second, and third fingers; another used the first and third fingers; and a third subjeCt held the key between the sides of the second and third fingers and thus did not use the thumb. Slight variations were seen in the position of the fingers. For example, the IP joint of the first finger was extenc~d in 10 subjects and the MCP joint of the second finger was extended in 4 subjects. One subject had an amputation at the PIP joint of the second finger, so the position of the IP joints could not be recorded. Various positions besides normal IP flexion of the second finger were seen. Normal prehension of a coin consists of the pulp of the first two fingers in contact with the object with flexion at all joints and opposition of the thumb. One subject was unable to hold a coin so data are reflected from only 16 subjects (see Table 4 ). Five subjects used the third finger. Two of these Simultaneously used the first, second, and third fingers. One subject used the fourth finger instead of the second finger. Six persons used the tip of the thumb, 6 used the side of the second finger, and 3 used the side of the third finger. In addition, 8 subjects adducted the thumb rather than opposed the thumb. The adductd thumb plus the use of the sides of the second and third fingers suggest that a grasp similar to what is normaJly used with a key was used by 8 subjects (Figure .J) . Two ~.ubjects used the MCP and IP jointS in extension rather than flexion.
In normal prehension of a glass, the volar surfaces of all ' 5 fingers and the palm are in contact with the glass with the fingers flexed and the thumb in abduction and opposition. jects because 2 were unable to hold a glass In one hand. Table 5 shows that all subjects used the fIrst and second fingers, bur not everyone used the third. fourth. and fifth fingers. The fingerups and pulps. rather than the entire volar surfaces of the fingers. were more frequently 111 contact with the glass (see Figure 4A ) The Mep joints tended to be more extended than flexed in all fll1gers, whereas the majority of subjects flexed both IP joints of the fingers. The thumb was opposed and abducted 111 9 A Figure 3 . Variation of normal grasp: Coin held between pulp of thumb and side of index finger. Thumb is adducted.
subjects. Three subjects abducted the thumb but did nor oppose the thumb These subjects used the side of the abducted thumb. rather than the volar surface. to grasp the glass In 3 subjects, the thumb was aclcluctecl instead of abducted Indeed. these 3 subjects used the first and second fingers in a key type of grasp to hold the rim of the glass (see Figure 48) . In normal prehension of a saucepan handle. the vo- lar surfaces of all 5 fingers are in contact with the handle with flexion of joints of fingers 2 through 5. The thumb is adducted Table 6 reflects the abilities of only 16 subjects; 1 subject was unable to hold the handle with one hand. The first and second fingers were used by all 16 subjects to grasp the handle (Table 6 ) but fingers 3, 4, and 5 were not used by all subjects (see Figures 5A and 5B). More subjects used the pulp or side of the fingers to hold the handle rather than the volar surfaces of the fingers. Furthermore, although flexion of all joints in fingers 2, 3, 4, and 5 was the most common joint position, extension of the MCP or IP joints of any fingers did occur.
Grasp and Hand Impairment
Correlation coefficients were calculated to study the relationship between the ability to grasp each objecl and hand impairments seen in scleroderma. The ability to grasp the objects are the scores on Table 1 . The scores ranged from 1 (normal grasp used to hold the object) to 4 (unable to grasp the object). Hand impairment was divided into two factors, disease characteristics and musculoskeletal factors. Disease characteristics included the presence of digital sores, tendon rubs, calcium deposits, and the extent of skin thickening. Musculoskeletal factors included grip and pinch strength, wriSl extension, thumb abduction, composite finger and thumb flexion, contractures at the PIP joints (extension < 45°), and contractures at the MCP joints (fleXion < 45°). Kendall's tau correlation coefficients for the disease characteristics revealed significal1l correlations between digital sores and holding a coin and between calcium deposits and holding a coin, glass, and saucepan. Thus, the presence of digital sores and calcium deposits indicate more difficulty in grasping the objects in a normal manner. Higher skin thickness scores and the presence of tendon friction rubs were not related to the ability to grasp any of the objects (see Table 7 ). Table 8 shows thal thumb abduction correlated significantly with holding a coin. The negative correlations between thumb abduction and grasping the objects reflects the fact that more joint motion indicates less difficulty grasping the object in a normal manner. Thumb flexion also correlated significantly with holding a coin. The positive correlation reflects the fact that the greater distances between the tip of the thumb and the base of the 5th finger while flexing the thumb (composite flexion) indicates more difficulty holding the coin in a normal manner. Composite flexion of the 4 remaining fingers did not correlate with the ability to hold any of the objects. However, the number of fingers with PIP flexion contractures and the number of fingers with MCP extension contractures significantly correlated with the ability to normally grasp all 4 objects. Grip strength and pinch strength did not correlate with the ability to hold any of the objects. 
Discussion
This study demonstrates that persons with scleroderma show qualitative differences in grasp patterns for 4 objects as compared to normal prehension patterns. The differences were greater in which fingers were used, the surfaces of the fingers in contact with the object, and the position of the thumb than in the positions of the joint. In addition, the type of object grasped seemed to influence the number of grasp variations that were observed. For example, of the 4 objects in the study, the key requires the least precise grasp and therefore, the least number of subjects used a variation to hold a key. The mOSl variations in grasp were seen with the glass, the largest object in the study. Two subjects could not hold a glass in one hand and 3 others used only the first tWO fingers in a lateral type of rinch as seen with the key. These variations may have been due to the limitations in PIP extension as the correlation between the number of PIP contractures and normal grasp of a glass was the highest This study also demonstrated that impairments in the scleroderma hand influenced the type of grasp used.
Although Flatt (1983) and Melvin (1989) reported that range of motion and functional ability were not related in the hand, the present study found that several factors, including range of motion, were related to whether a person used a normal grasp or a variation of normal grasp. Badley, Wagstaff, and Wood (1984) also reported significant correlations between range of motion in the hand and dexterity. In addition, findings from the present study that digital sores and calcium deposits correlated with the ability to use normal grasp patterns suggest that their presence in the scleroderma hand may lead to the use of certain substitution patterns. For example, decreased abduction of the thumb or severe flexion contractures at the PIP joints or both may not allow a person to grasp an object such as a glass with the volar surfaces of all fingers. A person may have to resort to grasping the glass by using a lateral pinch to hold the rim, using both hands, or holding the glass with the pulps or tips of the fingers. Digital ulcers on the fingertips or pulps may make it too painful to hold a coin, thus a person may substitute and hold the coin against the side of a finger.
The factors found to influence whether grasp pattern variations occurred may have implications for therapy programs for persons with scleroderma. Limited range of motion in Mep flexion, PIP extension, and thumb abduction suggests a program of increasing range of motion in these joints. Melvin et aL (1984) also recommended this treatment regimen. Joint motion is a factor that is amenable to direct occupational therapy intervention, whereas other factors such as digital ulcers are indirectly treatable by therapists through patient education programs. Patients can be taught specific precautions for Raynaud's phenomenon to try to reduce the occurrence of digital ulcers. Improvement in any of the disease characteristics or musculoskeletal factors that correlated with each object could allow a person with scleroderma to grasp the object in a more normal fashion. For example, increasing PIP extension in the person whose hand is shown in Figure 4A would allow more of the volar surface of the fingers to be in contact with the glass. Grasping objects in a more normal manner should also result in greater efficiency in use of the object and less external stresses to the skin (Brand, 1985) .
The small sample size and the use of one observer were limitations to this study. Increasing the sample size would assist in determining whether the relationships between hand impairments and grasp abilities are consistent. Employing more than one observer, photographs or videotape recordings would assist in establishing reliability.
Summary
This study demonstrated how variations in grasp patterns can be described qualitatively with a modification of the classification systems developed by Jacobson and Sperling (1976) and Weiss and Flan (1971) . Rather than JUSt describing the global panern, as is traditionally done by therapists, the method proVides a means to observe and compare components of a grasp pattern. The method also helps determine where the variation in grasp occurs. The person's ability to independently manipulate objects is of primary importance to occupational therapists. Qualitative descriptions of grasp patterns prOVide an additional means to document change after surgical or therapeutic intervention. ~
